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Even if plants can contain high levels of nitrate and nitrite, milk and dairy products are not described as sources of 
these anions. The purpose of this paper was to measure the concentrations of nitrate and nitrite in forage, cow blood, 
and milk.
The results show that the nitrate ratio of milk to plasma is very low, suggesting that milk contamination with 
nitrate is unlikely to occur. This fi nding also proves the lack of an active transport mechanism to transfer nitrate from 
blood to milk. The nitrite anion almost disappears from milk through an enzymatic conversion; usually levels of 
μg l–1 were measured.
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High level s of nitrates and nitrites have been reported to be present in vegetal products and 
in some types of sausages (NAGY-GASZTONYI et al., 2006; SANTAMARIA, 2006; LETH et al., 
2008).
Limiting  the intake of nitrite and nitrate is necessary because of the toxicity of these 
anions. These anions in high amounts were linked with toxicological problems as: 
methaemoglobinaemia (GREER & SHANNON, 2005), formation of carcinogenic N-nitrosamines 
(MENSINGA et al., 2003; JAKSZYN & GONZÁLEZ, 2006; ZEILMAKER et al., 2010), neural tube 
defects (LI et al., 2011), and thyroid cancer (WARD et al., 2010).
There are only few data on the presence and fate of nitrate/nitrite in milk and dairy 
products despite the large number of recent articles regarding the presence of these anions in 
vegetal and meat products. Data regarding nitrate and nitrite content of animal forage is also 
missing from scientifi c literature despite the extensive tests made on vegetables used for 
human consumption.
Surveys show that milk and dairy products as dried milk and cheese do not contain 
toxicologically signifi cant amounts of nitrate anion. Nitrate concentration in milk usually did 
not exceed the value of 5 mg kg–1 (AMARIGLIO & IMBERT, 1980; BINTORO et al., 1996; SERAPHIM 
& DE SIQUEIERA, 2000). Administration of potassium nitrate signifi cantly increased the 
amount of nitrate in cow milk, but the concentration remained still under the safe consumption 
limit for an adult (36.4 mg l–1) (BARANOVÁ et al., 1993). Unfortunately, no measurements of 
nitrate and nitrite in the blood of cows were made in order to observe how these anions are 
excreted in milk: through a passive or an active mechanism. Also, no measurements were 
made in animal forage to see how much the exogenous intake of these anions is.
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The purpose of this paper is to give data on concentrations of nitrite and nitrate in cow 
milk, blood, and forage, to establish how the nitrate/nitrite content of animal’s forage can 
infl uence concentrations of these anions in cow’s milk, and also to determine the ratio of milk 
to plasma concentration of these anions, as it would be an important marker of the active/
passive transport processes through which these anions can pass from blood into the milk.
1. Materials and methods
1.1. Apparatus and reagents
HPLC-UV/VIS confi guration: Merck-Hitachi L-7000 series, LichroCART 250-4, Lichrospher 
100, Rp–18 (5 μm) Merck KgaA Column.
Griess A reagent: 50 mg sulphanilic acid was dissolved using ultrasound in a mixture 
consisting of 1.5 ml acetic acid and 3 ml purifi ed water. Griess B reagent: 4 mg 1-naphtylamine 
was dissolved in 4 ml acetic acid. Other reagents used, chromatographic conditions, and 
gradient elution program are described in detail elsewhere (CROITORU, 2012).
1.2. Animals and tested samples
Ten cows of “Bălţata românească” breed (also known as Romanian Spotted Cattle) with an 
average body mass of 596.3±41.4 kg were used in this experiment. The cows were not 
subjected to any other treatment than normally received during their animal husbandry 
process (feeding, milking, blood sampling for usual blood tests), and therefore in this 
experiment there was no need for an approval from our University’s Commission on Ethics. 
Animal housing was made in accordance with international and local regulations.
Cow blood samples were obtained from veins located in the external ear in anticoagulant 
free polyethylene test tubes. Milk and blood samples were kept frozen (–20 °C) until analysis.
1.3. Sample treatment
Animal forage (hay, grass, ground corn, corn fl our, bran, alfalfa, molasses): after sampling 
the products were frozen (–20 °C) until analysis. Three grams of every forage type was 
grinded, then mixed with 60 ml of HPLC grade water and left in an ultrasonic bath for 
60 min. Two millilitres of the resulting suspension was centrifuged for 10 min at 11 000 
r.p.m. Of the supernatant 800 μl was mixed with 800 μl of acetonitrile (ACN) and centrifuged 
again. Also, 500 μl of the supernatant was subjected to derivatization process.
Well water: 250 μl of sample was mixed with 250 μl ACN and subjected to derivatization 
process.
Cow blood and milk samples: 500 μl of liquid sample was mixed with 500 μl of ACN. 
After centrifugation at 11 000 r.p.m. the supernatant was subjected to the derivatization 
process (CROITORU, 2012).
Derivatization process: 500 μl of liquid sample is mixed with 500 μl of a 5 mM tetrabutyl 
ammonium hydroxide solution adjusted to pH 2.5 with sulphuric acid and 100 μl of Griess A 
reagent. After 1 minute 100 μl Griess B reagent is added to the mixture. Samples could be 
analysed at any time between 30 min and 48 h (CROITORU, 2012).
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2. Results and discussion
2.1. Performance of the analytical method
We have previously published an HPLC-UV/VIS method suitable for the detection of low 
levels of nitrate and nitrite from blood samples and vegetables, which was intra-laboratory 
validated (CROITORU, 2012). Because milk can contain interfering agents, specifi city retesting 
is needed using such matrices in order to avoid false readings. Figure 1 shows representative 
chromatograms obtained for a milk sample for the studied anions.
Fig. 1. Representative chromatograms obtained for a milk sample: a and b chromatograms are obtained with one 
injection using a dual wavelength recording. a: nitrate, RT 9,23 min, 220 nm; b: nitrite, RT 16,96 min, 520 nm
2.1.1. Specifi city. Nitrate anion: since it is expected to be present in every milk sample, a 
blank is almost impossible to obtain. Peak identifi cation based only on the retention time can 
lead to false readings. UV spectrum of the peak obtained from the DAD data (including the 
peak purity test) was used in order to increase the specifi city of the method. Peak purity was 
in all cases higher than 97%, showing that pure peaks were obtained. The peak purity tool is 
successfully applied for nitrate due to its characteristic absorption spectrum: very narrow, 
with a maximum of absorption at 216 nm. It is true that other nitro derivatives will have an 
absorption spectrum similar to that of nitrate, but they will have a higher lipophilicity and 
thus a higher retention time than nitrate has.
Nitrite anion: in case of nitrite it is possible to obtain a blank by analysing the sample 
without adding one or both components of the Griess reagent.
No interferences were observed in the case of nitrate or nitrite when analysing milk or 
forage samples.
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2.1.2. Limits of detection and quantifi cation. LOD (signal to noise ratio 1:3) and LOQ 
(signal to noise ratio 1:10) values for different types of samples are shown in Table 1. 
Differences between samples are due exclusively to differences in sample preparation.
Table 1. Limits of detection and quantifi cation achieved in all samples tested for nitrate and nitrite anions
Sample type
Nitrate Nitrite
LOD1 LOQ1 LOQ1
Milk 0.06 0.20 2.0
Water 0.06 0.20 2.0
Cow blood 0.06 0.20 2.0
Animal forage 1.20 4.00 40.0
1Units for LOD and LOQ values are mg kg–1 or mg l–1 for nitrate and μg kg–1 or μg l–1 for nitrite
2.2. Measuring the intake and excretion through milk of nitrate and nitrite; estimation of 
milk/blood ratio of these anions
2.2.1. Nitrate and nitrite intake. Animal intake of nitrate and nitrite was evaluated in two 
different seasons: winter and summer. The water and every type of forage that was available 
to the cows were tested for nitrate and nitrite. Average intake of these anions together with 
the amount consumed by the cows and the concentrations in forage are shown in Table 2.
Table 2. Average forage intake (AFI) by animals during the experiment, forage nitrate concentration (FNitrateC), 
forage nitrite concentration (FNitriteC), and amount of nitrate (NitrateAC) and nitrite consumed (NitriteAC)
Forage type AFI (kg/cow/day) FNitrateC 
(mg kg–1)
FNitriteC
(μg kg–1)
NitrateAC 
(mg/cow/day)
NitriteAC 
(mg/cow/day)
Winter Summer Winter Summer Winter Summer
Hay 6.5 – 79.6 1.15 517.8 – 7.50 –
Ground corn 23 – 0.0 0.31 0.0 – 7.21 –
Wheat bran 1.5 1,5 15.6 0.24 23.5 23.5 0.37 0.37
Corn fl our 6–8 4 20.28 0.64 142.0 81.1 4.50 2.57
Alfalfa 5.5 – 4.67 0.65 25.7 – 3.61 –
Molasses 2 1,5 0.05 0.01 0.1 0.1 0.01 0.01
Fresh grass – 35–40 25.85 0.01 – 1034.2 – 0.56
Well water 28–30 l 40–45 l 24.9 0.06 748.8 1076.1 1.82 0.85
TDI1 
(mg/cow)
1457.9 2215.0 25.02 4.36
DIA2
(mg kg–1)
2.4 3.7 0.04 0.007
1 total daily intake (TDI – mg/cow); 2 daily intake on average (DIA – mg kg–1) of the studied anions during the 
tested period
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Despite the extensive literature data regarding the presence of nitrate and nitrite in 
vegetables used for human consumption, data on the presence of these anions in animal feed 
(grass, hay, alfalfa) is scarce and no comparison can be made with other studies. A high 
nitrate concentration is considered to be in herbage, exceeding 1.5 g nitrate kg–1 (WILSON et 
al., 2000).
2.2.2. Milk concentration of nitrate and nitrite. Milk sampling was done in the morning, 
at the fi rst milking of cows, directly in the test tubes in order to prevent contamination of the 
sample with the tested anions. In order to have a better view of changes from day to day in 
the concentrations of nitrate and nitrite in milk, sampling was done at the same time on 5 
consecutive days. Nitrate was detectable in all milk samples. Unfortunately, though our 
method has a better detectability than other published methods (BINTORO et al., 1996), not all 
samples contained nitrate above the LOQ. Milk concentrations of nitrate measured during 
this work are lower, but of the same order of magnitude with previously published 
concentrations (up to 2 mg l–1) (PRZYBYŁOWSKI et al., 1989) or in perfect agreement with more 
recent studies (KORÉNEKOVÁ et al., 2000).
Data published in the literature state that nitrite is undetectable in the milk due to the 
enzymatic conversion of nitrite to nitrate (PRZYBYŁOWSKI et al., 1989; SILANIKOVE et al., 2009). 
The method that we used is extremely sensitive to nitrite, thus the detection and measurement 
of nitrite is possible, even under enzymatic degradation. Concentrations of nitrite rarely 
exceeded the value of 10 μg l–1 in the tested samples.
Table 3 shows concentrations of nitrate and nitrite measured during 5 days of sampling 
and in two different seasons: winter and summer. Calculation of the mean and standard 
deviation is not feasible in summer because some of the concentrations were below the LOQ 
so no reasonable quantitative data could be calculated. No statistical differences were seen 
between cows in respect to their milk nitrate concentrations in winter. No statistical difference 
was seen between the sampling days regarding the nitrate content for the same season.
It is interesting to note that in winter concentrations of nitrate are signifi cantly higher 
than those recorded in summer even if nitrate intake in winter is lower. This can be explained 
by changes brought in nitric oxide (important biomolecule; source of endogenous nitrate and 
nitrite) synthesis by the season changes. This change, even if statistically signifi cant, could 
not be considered of toxicological importance. One can even observe that a small decrease in 
the analytical performance would make this difference imperceptible.
Using the average amounts of nitrate excreted in milk (amounts of milk produced by 
cows was about 30 l/day/cow) and the amount ingested through feed and water we calculated 
the percent of excretion in milk for nitrate anion. For concentrations below the LOQ, limit of 
detection value was used to calculate the average concentration in milk. The results show that 
only 0.75±0.21% of the amount of nitrate ingested is excreted through milk in winter, and 
this value is even lower in summer. Considering that an important pool of the body nitrate 
comes from an internal source (generation of nitric oxide), the percentage of nitrate excreted 
in milk is even lower.
Nitrite amounts were extremely low in the case of ingestion and milk secretion, so they 
were considered insignifi cant for the calculation of total inorganic oxidized nitrogen species 
consumed by animals and excreted through milk.
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Table 3. Concentrations of nitrate and nitrite measured in milk for 5 consecutive days and in two seasons
Cow number1
Anion conc.
5982 6541 4720 4521 9716 9720 3551 9481 7318 4683
NO3
–
(mg l–1)
Winter 0.56 0.55 0.46 0.22 0.64 0.29 0.69 0.37 0.59 <0.2
0.51 0.42 0.26 0.32 0.37 0.31 0.47 0.30 0.37 0.20
0.52 0.39 0.28 0.27 0.41 0.29 0.46 0.35 0.33 0.33
0.49 <0.2 0.20 0.43 0.30 0.31 0.42 0.20 0.36 0.24
0.48 0.49 0.35 0.65 0.43 0.30 0.48 0.29 0.27 0.20
Summer 0.20 0.22 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 0.20 0.20
<0.2 0.20 <0.2 0.26 <0.2 <0.2 <0.2 <0.2 0.20 0.20
<0.2 0.20 <0.2 0.20 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
<0.2 0.20 <0.2 0.20 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
<0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 0.20 0.42
NO2
–
(μg l–1)
Winter 5.8 2.9 2.0 3.3 8.4 6.3 3.6 3.8 3.5 22.0
4.5 2.4 2.4 3.0 8.8 2.6 4.3 <2.0 <2.0 <2.0
4.4 5.2 <2.0 2.6 3.9 2.6 3.9 2.7 2.0 <2.0
4.9 10.6 2.0 4.2 4.7 2.0 3.5 5.2 <2.0 <2.0
7.2 2.0 2.0 <2.0 4.1 3.8 4.2 3.1 <2.0 4.0
Summer 3.4 4.4 8.0 3.5 5.4 4.3 2.4 4.4 6.8 2.0
10.2 6.5 13.8 21.0 6.4 4.7 4.3 7.2 7.2 2.7
8.8 7.9 7.2 7.2 13.6 10.8 13.7 11.8 11.7 9.7
51.6 2.4 16.7 13.1 2.0 12.2 7.5 45.2 32.5 12.1
8.1 8.6 5.1 9.9 8.1 5.5 <2.0 9.4 12.9 14.7
1the offi cial registration number of animals is given
2.2.3. Concentrations of nitrate and nitrite in cow’s blood; milk/plasma ratio of these 
anions. In the scientifi c literature there is a lack of data on the concentration of nitrate and 
nitrite in blood of cow. During previous attempts only the sum of these anions was measured, 
without any speciation. Thus, previous tests were successful in measuring the sum of nitrate 
and nitrite only in calves, while for adult cows concentrations were below the LODs (BLUM 
et al., 2001).
During our research, venous blood was collected from cows immediately after milking, 
in summer. Concentration of nitrate and nitrite in the blood is shown in Table 4. Unexpectedly, 
low concentrations of nitrate were found in the blood of cow, 0.52±0.15 mg l–1 being their 
average. The average of nitrite concentrations was also very low, 24.4±6.1 μg l–1.
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Table 4. Nitrite and nitrate blood concentrations
Cow number 5982 6541 4720 4521 9716 9720 3551 9481 7318 4683 average±SD
NO3
– (mg l–1) 0.25 0.64 0.80 0.47 0.60 0.34 0.58 0.49 0.53 0.50 0.52±0.15
NO2
– (μg l–1) 26.4 27.7 24.7 20.4 17.3 38.7 26.9 20.5 20.3 21.6 24.4±6.1
Average milk to plasma ratios of nitrate range between 0.12±0.04 and 0.42±0.15 
depending on the estimation made on the concentration of LOQ samples (one can consider 
the concentration closer to the LOD value or closer to the LOQ value). This milk to plasma 
ratio suggests the lack of a high activity transport mechanism to transfer nitrate from plasma 
in milk.
In the case of nitrite anion, calculation of milk to plasma ratio is not possible because of 
the enzymatic oxidation of this anion to nitrate; it is impossible to predict exactly how much 
nitrite is excreted in milk because its oxidation can begin even in the udder.
It can be seen that concentrations of nitrate and nitrite in cow’s milk and their blood can 
be surprisingly low if their feed do not contain excessive amount of these anions. Milk to 
plasma ratio of nitrate is very low, suggesting the absence of a transport mechanism in the 
mammary gland. Because of this, it can be assumed that a contamination of milk through 
feed with high amount of nitrate could occur only when animals already show signifi cant 
signs of nitrate toxicity.
3. Conclusions
Our work shows that natural occurrence of nitrite and nitrate in milk and dairy products is not 
a risk to human health. The transfer of nitrate from forage in cow milk can be considered 
insignifi cant, and the ratio of milk to plasma was also very low in the tested animals.
We proved that cow’s mammary gland lacks an exporter type transport mechanism for 
nitrate. This means that milk from cows under a nitrate rich diet is expected to contain low 
amounts of nitrate.
Nitrite is present in all milk samples in extremely low concentrations, which are 
completely without toxicological signifi cance to the human population.
*
This project was fi nanced by the University of Medicine and Pharmacy of Tîrgu Mureş, internal grant number 
30/11.12.2013.
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